The behavior of small liquid drops, hanging from a circular disk and approaching a pool surface of the same liquid at different temperatures, is studied experimentally and numerically. The experiments show that if isothermal conditions prevail the drop is immediately engulfed by the liquid. On the contrary, if the temperature of the drop is sufficiently larger or sufficiently smaller than the temperature of the liquid surface, this engulfment is prevented even if the drop is pressed on the liquid surface and ''enters'' the liquid pool. A number of experiments have been carried out on silicone oils ͑with different viscosities͒. At the same time the problem was studied numerically with the assumption that a thin air film is formed between the drop and the liquid bath surface, due to the entrainment of the surrounding air caused by the Marangoni flow; the pressure in the air film balances the pressure necessary to keep the drop submerged in the liquid bath. The critical temperature differences for the drop engulfment are determined experimentally. A parametric numerical analysis is performed to determine the influence of the viscosities of the liquids. The experimental findings are correlated by computed critical temperature differences. A sufficient agreement is found between numerical and experimental results.
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I. INTRODUCTION
Wetting and spreading phenomena of drops on other surfaces ͑solid or liquid͒ are of primary importance in science and technology. [1] [2] [3] [4] Previous research studies of the authors were concerned with the unusual behavior of noncoalescing liquid drops, [5] [6] [7] as well as with the intriguing phenomenon of a drop of liquid that does or does not wet a solid surface, according to the temperature difference between the solid and the drop. 8 In the first case, when two drops are brought in contact, coalescence can be inhibited if a sufficiently large temperature difference is imposed between the disks supporting the liquid drops. To explain this interesting and unusual behavior Dell'Aversana et al. 9 presented moleculardynamics computer simulations for the isothermal shear flow between a droplet and a rotating liquid bath; they postulated the existence of a thin air gap between the liquid surfaces and obtained some orders of magnitude estimates of the lubrication force, under the simplifying assumption that the drop interface may be approximated with a moving plate inclined at a small angle over the liquid bath. Monti and Savino 6 pointed out that this assumption cannot be applied to the case of two liquid drops in the presence of thermocapillary effects ͑as shown by the experiments done with tracers͒, because in this case the lubrication regime in the air film between the drops originates from the relative difference of the tangential velocities along the nonisothermal drop surfaces. This assumption was confirmed by numerical solutions that correlated the available experimental results. [5] [6] [7] The phenomenon of wetting prevention induced by thermal Marangoni effect was investigated in Ref. 8 . If the pendant drop and the solid surface are at the same temperature, or if the wall is warmer than the drop, the liquid spreads over the surface. On the contrary, if the drop is heated and/or the wall is cooled, then the drop does not wet the solid, even if pressed against the surface, but is deformed similarly to an elastic spherical balloon.
A systematic experimental program has been carried out by testing different liquids; the problem was also investigated by a numerical model based on the assumption that a thin air film is formed between the contacting surfaces ͑liquid-liquid or liquid-solid͒. In fact, under certain conditions, Marangoni flow is generated that convects ambient air between the surfaces to form a film that prevents the liquid and solid molecules from contacting each other. The numerical results confirm the experimental observations both qualitatively and quantitatively.
In this paper another problem is investigated, i.e., the behavior of a pendant drop approaching and ''touching'' a free surface of a miscible liquid ͑most of the times the same drop liquid͒ at different temperatures. This situation often arises in soldering processes, when a drop of a melted metal alloy ''contacts'' the same ͑colder͒ liquid. 10 Metal alloys ͑e.g., Sn-Pb or Sn-In at the eutectic compositions͒ were preliminarily investigated since these materials are commonly employed in soldering processes. The experiments pointed out that, if isothermal conditions prevail, the drop spreads over the liquid surface in times of the order of milliseconds. On the contrary, if the drop is heated or cooled with respect to the liquid, wetting is prevented ͑for some time͒.
The phenomenon was studied experimentally with transparent liquids ͑e.g., silicone oils with different viscosities, see Table I͒ for which small temperature differences are sufficient to prevent coalescence and a direct observation is pos-sible. A numerical simulation, based on a fluid-dynamic model similar to the ones developed in previous works, has been performed to correlate the experimental results. In particular, the prevention of the liquid drop engulfment, observed when the liquid drop is heated or cooled with respect to the liquid bath, has been explained using a fluid-dynamic model; this model is based on the assumption that a thin film of air, separating the drop from the pool surface, is formed by the entrainment action induced by the surface tension imbalance along the liquid surfaces.
In this paper we report the results of the experimental investigation and the numerical simulation. Section II deals with the experimental analysis. The experimental apparatus and the behavior observed during the experiments are described in Secs. II A and II B. The experimental procedure is illustrated in Sec. II C and the results concerning the critical temperature differences measured for the different configurations under study are given in II D and II E. Sections III and IV deal with the numerical simulation and Sec. V illustrates the qualitative behavior of two immiscible liquids ͑wa-ter and oil͒. Concluding remarks are reported in Sec. VI.
II. EXPERIMENTAL ANALYSIS

A. The experimental apparatus
The experimental apparatus is the same one described by Monti et al. 8 ͑Fig. 1͒. A cylindrical copper disk, sustaining a liquid drop, can be translated along the vertical symmetry axis to change the spacing between the drop and the free surface of a liquid pool. The translation is obtained using a motorized micrometer system controlled by a computer.
A Peltier element is used to establish and control an appropriate temperature on the disk supporting the drop so that an arbitrary temperature difference between the drop and the liquid pool surface ͑typically at the ambient temperature͒ can be established. Two temperature sensors, located on the upper disk and in the liquid bath are read by a data acquisition system running on a personal computer. The motions in the liquid phases ͑drop and pool͒ are evaluated by visualizing tracers added to the liquid ͑hollow glass microspheres with diameter ranging from 2 to 20 m͒ illuminated by a laser light cut in the meridian plane. A CCD camera and a video recorder are used to film and record the tracers' motion.
B. Behavior of a liquid drop contacting a solid or a liquid surface
As described in Ref. 8 , if a pendant drop is moved towards a solid surface under isothermal conditions, the liquid spreads immediately over the solid, forming a liquid bridge. If this experimental sequence is repeated after establishing a temperature difference between the disk and the solid wall, no wetting occurs and the drop can be pressed against the surface similarly to an elastic balloon.
Similarly, if a pendant drop is formed on a circular disk and is moved towards the surface of a miscible liquid, when the disk is at the same temperature of the liquid pool, no motion arises in the liquid phases; when the drop contacts the bath surface, it is immediately engulfed by the liquid surface in times of the order of milliseconds.
If this experimental sequence is repeated after establishing a temperature difference between the disk and the liquid pool ͑by heating the pendant drop and/or by cooling the pool with respect to the ambient͒, the engulfment is prevented even if the drop is pressed on the liquid surface and ''enters'' the liquid pool. Figure 2 shows a sequence of photographs illustrating the behavior of a drop of silicone oil ͑3 ͓cs͔͒ over a pool surface of the same liquid in the presence of a temperature difference (⌬Tϭ5 K). The disk supporting the drop is in this case warmer than the liquid bath.
In this case Marangoni flows are present in both the liquid drop and the liquid bath, due to the surface tension imbalance induced by the surface temperature differences, as shown in Fig. 3 , where the motion of tracers is visualized in a cross section. In particular, since the surface tension is a decreasing function of the temperature, the velocity along the drop surface is downward ͑opposite to the imposed temperature gradient͒, i.e., directed from the upper disk towards the symmetry axis. By continuity, the flow inside the drop, close to the symmetry axis, is directed from the contact region upwards.
In the liquid pool, since the region of contact is heated by the drop, a temperature gradient is established in the ra- dial direction on the free horizontal surface of the bath and hence liquid is convected from the contact region towards peripheral regions. However, since the contact region is only a few degrees centigrade above the pool temperature, a small radial temperature gradient is established along the drop surface; consequently the velocities in the liquid bath are small. The model of a separating air film that prevents wetting can be summarized as follows. For wetting to occur, the thin air film that separates the surface of the liquid drop from the bath must be removed or should become sufficiently thin to permit the liquid molecules from the two sides coming into molecular contact. If the pendant drop is hot and the bath is cold, then the Marangoni flow along the drop surface is directed from the upper disk towards the symmetry axis and the ambient air is entrained between the two surfaces. Conversely in the bath the Marangoni flow along the contact region is directed from the symmetry axis towards the horizontal free surface so that the air is convected out of the film; however, because of the smaller velocity along the liquid bath surface, compared to the one along the drop surface, the entrainment effect prevails.
The pressure in the air film changes from the ambient value at the horizontal liquid surface to a maximum value in correspondence of the axis of symmetry ͑see Sec. III͒. This pressure increase is necessary to deform the pool surface and to balance the hydrostatic pressure.
If the temperature gradient is reversed ͑by cooling the disk and/or by heating the bath͒, then Marangoni flow along the liquid pool may be responsible for the air entrainment and for the air film formation. The experimental evidence in this case shows a behavior similar to the one observed when the temperature of the disk is larger than the ambient temperature ͑i.e., no wetting and possible full immersion of the liquid drop in the pool͒.
C. Experimental procedure for the measurement of the critical temperature differences
Laboratory experiments have been performed to evaluate the minimum value of the temperature difference ͑referred to as the critical temperature difference, ⌬T c ͒ that must be imposed to prevent the engulfment.
The experimental sequence is illustrated below. A relatively large temperature difference is imposed, at this condition the drop is pressed against the surface until the disk is at the same level of the pool horizontal surface.
The drop is maintained at this position and the temperature difference is progressively reduced ͑with a sufficiently small temperature ramp, in order to minimize unsteady effects͒; when the temperature difference reaches a critical value (⌬T c ), the drop is suddenly engulfed.
In a previous work 8 the evaluation of the thickness of the air film separating a liquid drop from a solid surface was made by two experimental techniques: ͑a͒ a direct visualization of the air gap by means of a background illumination and ͑b͒ an interferometric technique that provides interfer-FIG. 2. Photographs illustrating the behavior of a liquid drop approaching a liquid pool at different temperature. ͑a͒: tϭ0, ͑b͒: tϭ1 ͓s͔, ͑c͒: tϭ3 ͓s͔, ͑d͒: tϭ4 ͓s͔, submerging drop; ͑e͒: tϭ6 ͓s͔, ͑f͒: tϭ7 ͓s͔, withdrawal of the drop. The liquid in the drop and in the pool is silicone oil 3 cs, the drop is warmer than the pool and ⌬Tϭ5 K.
FIG. 3. Photographs illustrating the motion of tracers in the liquid drop and
in the liquid pool with a light-cut technique. The liquid in the drop and in the pool is silicone oil 3 cs, the drop is warmer than the pool and is completely immersed in it, ⌬Tϭ5 K.
ence fringes related to the change of the film thickness in the contact region. In the subject case, however, the measurement of the air film thickness is not possible and only the temperature difference at the instant of the engulfment can be detected.
D. Experimental results in the case of a drop warmer than the liquid pool
In this case the driving action that entrains the air film is at the drop surface. The critical temperature difference (⌬T c ) is a function of the liquids employed. Table II reports the experimental results obtained using silicone oils with different viscosities. For a fixed viscosity of the liquid in the bath, an increase of the viscosity of the drop corresponds to larger values of the critical ⌬T c .
For the configuration with a drop of silicone oil 3 cs and a liquid pool of the same viscosity ͑3-3͒, the critical ⌬T c is 5 K; it becomes 14 K for a drop viscosity of 10 cs. The behavior is the same also for the configurations 3-10, 10-10, 3-100, and 10-100, confirming that the velocity on the drop surface decreases at larger viscosities and hence reduces the intensity of the entraining effect of the air film. Table II shows also how the critical ⌬T c decreases when the viscosity of the liquid bath is increased. This effect can be explained by the fact that the air film is influenced by the entrainment action along the drop surface and by the opposite effect induced by the velocity on the liquid bath contact region that is opposite to the velocity on the drop surface. When the viscosity of the bath is reduced, the action of the bath surface that convects air out of the film is also reduced, and the engulfment occurs at lower values of ⌬T and at lower values of the velocity on the drop surface.
E. Experimental results in the case of a drop at a temperature lower than that of the liquid pool
If the temperature difference is reversed ͑by cooling the disk and/or by heating the bath͒, then Marangoni and buoyancy-driven flows in the liquid pool are directed from the peripheral regions towards the drop-pool contact zone. These effects are then responsible for the air entrainment and for the film formation. The experimental evidence shows indeed a behavior similar to the one observed when the temperature of the disk is larger than the ambient temperature ͑no engulfment and possible full immersion of the liquid drop in the pool͒. Table III summarizes the experimental results obtained using silicone oils with different viscosities of the drop and of the pool. It is evident why the critical temperature difference increases, for a fixed viscosity of the liquid drop, when the viscosity of the pool is increased. In fact the Marangoni stress, at the liquid-air interface along the pool surface, must balance the viscous stresses in the bulk phases and the viscous stress in the pool is proportional to the viscosity coefficient, so that when the viscosity increases, the surface speed decreases and consequently the entrainment effect is reduced.
On the other hand, the influence of the viscosity of the drop depends on the viscosity of the liquid pool. When the viscosity of the pool is small ͑3 cs͒ the critical temperature difference is an increasing function of the drop viscosity, whereas a completely different behavior is observed when the viscosity of the pool is larger ͑10 cs͒. To explain this behavior a detailed analysis of the heat and momentum transfer between the drop and the pool will be performed in Sec. III that points out at the role played by the interface temperature distribution.
III. NUMERICAL SIMULATION
A. The model and the solution method
The numerical simulation includes the solution of the flow and temperature fields in the liquid drop and in the liquid bath and the evaluation of the velocity and pressure distributions in the air film between the drop and the bath.
The shape of the drop is assumed to be spherical ͑this is a good approximation and is evidentiated by the experimental visualization of the surface shapes͒. The surface of the bath is assumed to be planar and horizontal except in the contact region where it is assumed to be a spherical shape with almost the same radius of the drop ͓Fig. 4͑a͔͒.
The equations governing the temperature and velocity fields in the liquid drop, in the liquid bath, and in the air film are the continuity, Navier-Stokes, and energy equations: 
where is the kinematic viscosity and ␣ the thermal diffusivity; ␤ T is the thermal expansion coefficient, T 0 is the reference ͑ambient͒ temperature, and g is the gravity acceleration vector. The boundary conditions for the drop are shown in Fig.  4͑b͒ and include: no slip conditions for the velocity and prescribed constant temperatures on the upper support; surface momentum balance and energy conservation along the contact surface in the region of constant thickness h. The boundary conditions for the liquid bath include: the Marangoni condition for the velocity and the adiabatic condition along the plane surface contacting the external ambient; surface momentum balance and energy conservation along the contact surface in the region of thickness h. In Fig. 4͑b͒ , T is the derivative of the surface tension with the temperature, n and s denote the directions orthogonal and tangential to the drop surface, u and v are the velocity components along r and ; the subscripts ͑l͒, ͑2͒, and ͑a͒ refer to the drop, bath, and air phases, respectively.
The equations ͑1͒-͑3͒ are rewritten in polar coordinates for the two-dimensional axisymmetric case and in dimensionless form, using R, ␣/R, R 2 /␣, and ␣ 2 /R 2 to scale the lengths, the velocity, the time, and the pressure, respectively. The temperature, measured with respect to the ambient temperature, is scaled by ⌬T.
The where
The Prandtl number is Prϭ/␣ and the Rayleigh number is defined in terms of the drop radius by
Another characteristic nondimensional parameter is introduced by the dimensionless form of the boundary conditions along the liquid-gas interfaces: the Marangoni number, defined as
The typical values of the Prandtl numbers for the silicone oils reported in Table I are PrХ50 for a kinematic viscosity ϭ3 ͓cs͔, PrХ150 for a kinematic viscosity ϭ10 ͓cs͔, and PrХ900 for a kinematic viscosity ϭ100 ͓cs͔. In correspondence of a temperature difference ⌬Tϭ10 ͓K͔ the Rayleigh and Marangoni numbers are RaХ2000, MaХ6000 for ϭ3 ͓cs͔ and RaХ30, MaХ83 for ϭ100 ͓cs͔. The equations have been solved with the numerical model described in Ref. 8 applied to the case of two noncoalescing drops.
The flow in the air film between the drop and the liquid surface is modeled as a duct flow in an axisymmetric channel. The velocity profiles on the contact region interfaces obtained by the numerical solution of the flow inside the drop and inside the bath are assigned as boundary conditions. The numerical simulations have been performed for a drop radius Rϭ1.5 ͓mm͔, equal to the radius of the copper disk sustaining the drop during the experimental investigations, and considering different liquids and different temperatures.
For the first configuration investigated ͑pendant drop and liquid pool of silicone oil 3 ͓cs͔, ⌬Tϭ5 K, corresponding to the measured critical temperature difference, see Table II͒ preliminary computations were performed by an iterative procedure to find the value of the film thickness for which the computed pressure increase along the film is equal to the pressure needed to deform the pool surface. The computed equilibrium thickness was hХ3 m ͑see below͒. At smaller values of the gap, some instabilities may occur, causing Van der Waals forces to become important and to induce drop engulfment. All the other numerical simulations have been performed assuming ͑somehow arbitrarily͒ a film thickness constant and equal to 3 m. Figure 5 shows the computed isotherms ͓Fig. 5͑a͔͒ and streamlines ͓Fig. 5͑b͔͒ in the case of a drop of silicone oil 3 cs, a liquid bath of the same silicone oil, and a temperature difference ⌬Tϭ5 K ͑the disk is warmer than the ambient͒.
B. Flow fields computed in the case of a drop warmer than the liquid pool
The streamlines in the drop and in the liquid bath show the presence of a clockwise vortex cell. In particular, since T Ͻ0, the flow, along the drop surface, is directed from the hot support towards the symmetry axis.
In the liquid bath the temperature gradient is oriented roughly in a radial direction and the flow at the surface is directed from the contact zone towards peripheral regions. There is a qualitative agreement between the experimental flow configuration shown in Fig. 3 and the numerical one in Fig. 5 . Several numerical simulations have been performed assigning the viscosity of the drop and the imposed ⌬T and considering different values for the viscosity of the liquid bath. The results of these studies are summarized in Table  IV . The computed streamlines and temperature fields for ⌬Tϭ5 K, a viscosity of the drop of 3 cs, and a viscosity of the bath of 3, 10, and 100 cs, are shown respectively in Figs. 5, 6, and 7. The numerical results show that, for a fixed ⌬T, an increase in the viscosity of the liquid bath corresponds to a relevant decrease of the maximum velocity on the bath contact region ͑notice the different values of the maximum value of the stream function bath ͒ and to a less pronounced decrease of the maximum velocity on the drop surface ͑this decrease is induced by the surface momentum balance applied along the contact region͒. Considering that the flow at the drop interface is responsible for the entrainment of the air film while the flow on the bath side is responsible for the opposite effect, this explains why there is a decrease in the critical ⌬T when the viscosity of the bath is reduced ͑see Table II͒ .
The hydrostatic pressure in the liquid pool and the pressure increase in the air film are shown in Fig. 8 azimuthal coordinate ͑͒ for a drop and a pool of silicone oil 3 cs at ⌬Tϭ5 K. The tangential viscous stresses in the air film are responsible for the change of the pressure that gradually increases from the ambient value at the edge of the contact region to the maximum value on the symmetry axis ͑stagnation point͒. As anticipated, for a value of the film thickness hϭ3 m, the maximum pressure difference on the axis (⌬ pϭ386 dyn/cm 2 ) is equal to the pressure jump necessary to deform the bath surface (2/Rϭ266 dyn/cm 2 ) plus the hydrostatic pressure (⌬ pϭ120 dyn/cm 2 ). Figure 9 shows the computed isotherms ͓Fig. 9͑a͔͒ and streamlines ͓Fig. 9͑b͔͒ for the same liquids and the same temperature difference as Fig. 5 (⌬Tϭ5 K) , when the temperature of the disk supporting the drop is smaller than the temperature of the liquid pool. In this case the streamlines in the liquid bath show the presence of a counterclockwise vortex cell ͓the computed stream function in the liquid pool is negative, Fig. 9͑b͔͒ . The temperature distribution shows that on the free surface of the bath a strong temperature gradient is present while the temperature gradient on the drop surface is almost negligible. This implies that the motion is mainly driven by the Marangoni effect at the bath surface that convects cold fluid from the peripheral regions towards the contact zone. Therefore the flow on the contact zone from the liquid pool side is responsible for the entrainment action in the air film, while the flow on the drop surface ͑that would counteract the formation of the air film͒ is negligible. Due to the strong temperature gradients on the free surface of the bath, the entrainment action is stronger compared to the one in the case of Fig. 5 ͑when the drop is warmer than the ambient air and the entrainment of air is induced by the flow on the drop surface͒. This is confirmed by the computed pressure distribution in the air film ͑Fig. 10͒. Assuming the same thickness and the same temperature difference ⌬T considered in Fig.  8 , the pressure difference in the case of a drop cooled is in fact ⌬pϭ640 dyn/cm 2 and this value is larger than the value computed when the drop is warmer than the liquid pool. According to these results, the critical temperature difference in this case is expected to be smaller than in the previous case ͑drop warmer than the ambient, see Fig. 11͒ in agreement with the experimental results. The measured critical temperature difference, for a configuration with a drop of silicone oil 3 ͓cs͔ and a pool of the same liquid is ⌬T ϭ5 K for a drop warmer than the ambient and ⌬Tϭ3.1 K for a drop colder than the ambient ͑Tables II and III͒.
C. Flow fields computed in the case of a drop colder than the liquid pool
The experimental results reported in Sec. II have shown the apparent contradiction occurring when the drop temperature is smaller than the temperature of the liquid pool. In fact an increase of the viscosity of the drop leads to an increase of the critical ⌬T when the viscosity of the bath is 3 cs and to a decrease of the critical ⌬T when the viscosity of the bath is 10 cs ͑see of the viscosity of the drop on the interface temperature distribution has been investigated numerically.
The numerical results corresponding to the case ⌬T ϭ5 K, for the different configurations considered ͑i.e., different viscosities of the pendant drop and of the liquid pool͒, show that the flow in the drop is directed clockwise, see Fig.  9 ; this is due to the temperature distribution that establishes on the drop surface when it is completely engulfed in the bath. The flow on the pool surface is directed from the peripheral region towards the drop surface. This fluid warms the drop surface and becomes colder when it reaches the symmetry axis due to heat transfer. Consequently the drop surface is warmer near the disk and colder near the symmetry axis and this explains why Marangoni flow in the drop gives rise to a clockwise cell.
When the liquid pool has a viscosity of 3 ͓cs͔ the velocities in the pool are larger and consequently the flow warms the drop surface almost uniformly and therefore almost no Marangoni flows exists. The only effect of the drop is therefore to decelerate the pool flow near the drop ͑reducing the entrainment of the air film͒.
As shown in Fig. 9 , in this case the drop surface velocity is concurrent with the pool surface velocity near the drop. The drop surface velocity tends to zero at high drop viscosity; this justifies an increment of the ⌬T c at high drop viscosities ͑as shown in Fig. 12 for a bath viscosity of 3 ͓cs͔͒.
When the the bath liquid viscosity is 10 ͓cs͔, the flow in the pool is weak compared with the previous case and consequently it does not warm the drop surface uniformly. When the drop has a small viscosity the Marangoni flow along the drop surface gives rise to an interface almost isothermal ͑as before͒. Instead when the drop has a large viscosity, the Marangoni flow in the drop is weak and the surface temperature gradient is larger, consequently the temperature difference along the pool contact region increases. This in turn gives rise to an increase of Marangoni flow along the bath surface that is responsible for the entrainment effect. This explains why the critical ⌬T c is reduced, as shown in Fig. 12 .
IV. COMPARISON BETWEEN EXPERIMENTAL AND NUMERICAL RESULTS
The numerical results discussed above support the experimental evidence that shows the existence, for a fixed configuration, of a critical temperature difference for the engulfment of the drop into the liquid pool. For all the configurations investigated, the ''numerical'' critical temperature differences have been determined assuming the same value of hϭ3 m and changing parametrically the temperature difference ⌬T until a value for which ⌬ PϭgRϩ2/R was found.
As an example, Fig. 9 shows the computed isotherms when both the drop and the liquid pool have viscosities of 3 cs ͑see the direction of the surface velocities along the drop and the pool as discussed in Sec. III C͒.
The numerical results are summarized in Figs. 11 and 12 and confirm all the experimental observations both qualita- tively and quantitatively. In particular, the ''computed'' critical temperature differences are in good quantitative agreement with the measured values of ⌬T c and exhibit the same behavior as the ''experimental'' ones versus the viscosities of the ''driving'' and ''resisting'' media, in both the cases of a drop warmer and colder than the liquid pool.
V. BEHAVIOR OF IMMISCIBLE LIQUIDS
To further clarify the role of the ''driving'' medium versus the ''resisting'' one, the behavior of two immiscible liquids ͑water and silicone oil͒ has been investigated. It is known that the typical Marangoni flows, that are very evident in silicone oil and a few other substances, do not appear in water in spite of the large value of the surface tension derivative T . The most common opinion is that there is a sort of water ''contamination'' that would affect the surface tension unbalance induced by temperature gradients. Recent experiments on water drops coming out of a distillizer pipe ͑Ref. 11͒ seem to substantiate this assumption; the experiments show that distillate water drops, when impinging over a liquid bath formed by the previously condensed drops, do not immediately coalesce; the implication being that newly formed water might exhibit the Marangoni behavior predictable by the values of T reported in the literature for distillate water. CCD visualization of tracers illuminated by a laser light cut in the meridian plane confirm that surface tension-driven flows are present in newly formed drops and decay with time as surface contamination occurs.
For this reason a drop of drinking water ͑that does not exhibit the Marangoni effect due to water interface contamination͒ has been pressed on a liquid pool of silicone oil. If the drop and the pool are at the same temperature ͑Fig. 13͒ when the drop is put in contact with the bath surface, the silicone oil engulfs the water drop that remains immersed in the pool ͑water and silicone oil are immiscible liquids͒. Figure 14 shows instead that if the pool is hot, the oil does not engulf the cold drop because an air film is created between the interfaces due to the entrainment effect produced by the Marangoni effect on the bath surface.
When the water drop is warmer than the liquid pool the oil wets the water drop, similarly to the isothermal situation, because an air film between the liquid surfaces cannot be formed. In fact the driving action for the entrainment of the ambient air, when the disk is warmer than the liquid pool, should be caused by the Marangoni effect along the surface FIG. 14. Photographs illustrating the behavior of a liquid drop of water approaching a liquid bath of silicone oil 3 cs when the drop is colder than the pool (⌬Tϭ10 K). ͑a͒: tϭ0, ͑b͒: tϭ1 ͓s͔, ͑c͒: tϭ2 ͓s͔, ͑d͒: tϭ3 ͓s͔, ͑e͒: tϭ4 ͓s͔, and ͑f͒: tϭ5 ͓s͔.
FIG. 15.
Photographs illustrating the behavior of a liquid drop of silicone oil 3 cs approaching a liquid bath of water when the drop is warmer than the pool (⌬Tϭ20 K). ͑a͒: tϭ0, ͑b͒: tϭ1 ͓s͔, ͑c͒: tϭ2 ͓s͔, ͑d͒: tϭ3 ͓s͔, ͑e͒: tϭ4 ͓s͔, and ͑f͒: tϭ5 ͓s͔.
of the drop, which in this case is negligible ͑as already mentioned surface tension gradient effects in drinking water are negligible͒. Conversely, if a silicone oil drop is considered and the pool liquid is water ͑Fig. 15͒ no engulment conditions can be obtained if the drop is hot and the pool is cold; in this situation in fact the entrainment effect of the air film is due to the Marangoni effect on the silicone oil drop surface. In the opposite situation ͑cold drop and hot pool͒ the entrainment action induced by the flow on the pool surface is negligible and the oil spreads over the water surface.
VI. CONCLUSIONS
The behavior of a liquid drop in contact with a pool surface of miscible liquid at a different temperature has been investigated by experiments and numerical simulations. Intriguing phenomena were explained for the cases in which the temperature of the support sustaining a pendant drop is different compared to the temperature of the bath: ͑a͒ if the temperature difference exceeds a critical value, the drop does not spread over the liquid; ͑b͒ if the temperature difference is large enough the drop can be pressed and immersed in the liquid pool without coalescing. The critical temperature differences for which the drop engulfment occurs have been determined experimentally for silicone oils with different viscosities.
The numerical simulation supports the assumption that a thin film of air, separating the drop from the bath, is entrained by the drop surface velocity caused by the Marangoni effect. A parametric numerical analysis has been performed to determine the influence of the viscosities of the drop and pool liquid media. A good agreement was found between numerical and experimental results. To further clarify the role of the ''driving'' medium versus the ''resisting'' one, the behavior of two immiscible liquids ͑water and silicone oil͒ has been investigated.
